Role of human liver microsomal CYP3A4 and CYP2B6 in catalyzing N-dechloroethylation of cyclophosphamide and ifosfamide.
The anticancer alkylating agents cyclophosphamide (CPA) and ifosfamide (IFA) are prodrugs that undergo extensive P450-catalyzed metabolism to yield both active (4-hydroxylated) and therapeutically inactive but neurotoxic (N-dechloroethylated) metabolites. Whereas the human liver microsomal P450 catalysts of CPA and IFA 4-hydroxylation are well characterized, the P450 enzyme catalysts of the alternative N-dechloroethylation pathway are poorly defined. Analysis of a panel of fifteen human P450 cDNAs in the baculovirus expression system ('Supersomes') demonstrated that CYP3A4 exhibited the highest N-dechloroethylation activity toward both CPA and IFA, whereas CYP2B6 displayed high N-dechloroethylation activity toward IFA, but not CPA. The contributions of each human P450 to overall liver microsomal N-dechloroethylation were calculated using a recently described relative substrate-activity factor method, and were found to be in excellent agreement with the results of inhibition studies using the CYP3A inhibitor troleandomycin and an inhibitory monoclonal antibody to CYP2B6. With CPA as substrate, CYP3A4 was shown to catalyze >/=95% of liver microsomal N-dechloroethylation, whereas with IFA as substrate, CYP3A4 catalyzed an average of approximately 70% of liver microsomal N-dechloroethylation (range = 40-90%), with the balance of this activity catalyzed by CYP2B6 (range = 10-70%, dependent on the CYP2B6 content of the liver). Because CYP2B6 can make a significant contribution to human liver microsomal IFA N-dechloroethylation, but only a minor contribution to IFA 4-hydroxylation, the selective inhibition of hepatic CYP2B6 activity in individuals with a high hepatic CYP2B6 content may provide a useful approach to minimize the formation of therapeutically inactive but toxic N-dechloroethylated IFA metabolites.